Mathematical modelling and numerical simulation have become standard techniques in Li-ion battery research and development, with the purpose of studying the issues of batteries, including performance and ageing, and consequently increasing the modelbased predictability of life expectancy.
We present an electrochemical model of a graphite-based lithium-ion cell that includes combined ageing mechanisms: (i) Electrochemical formation of the solid electrolyte interphase (SEI) at the anode, (ii) breaking of the SEI due to mechanical stress from volume changes of the graphite particles, causing accelerated SEI growth, (iii) gas formation and dry-out of the electrodes, (iv) percolation theory for describing the loss of contact of graphite particles to the liquid electrolyte. Also, first results on the integration of lithium plating are presented.
The electrochemistry is coupled to a multi-scale heat and mass transport model 1 based on a pseudo-3D approach. Heat transport in the through-cell direction is modelled as conductive process (1D, macroscale) while mass and charge transport on the electrodepair scale as diffusion and migration (1D, mesoscale). Intraparticle transport of lithium atoms is modelled as Fickian diffusion with concentration-dependent diffusion coefficient (1D, microscale). A 0D model of the void cell volume is also added, allowing the description of gas-phase species concentration and pressure build-up during ageing.
A time-upscaling methodology is developed that allows to simulate large time spans (thousands of operating hours). The combined modeling and simulation framework is able to predict calendaric and cyclic ageing up to the end of life of the battery cells. The results show a qualitative agreement with ageing behavior known from experimental literature, in particular the dependence of temperature, current, cycling depth, and average SOC. The introduction of electrode dry-out to the model allows to capture for the first time the strong nonlinearity of ageing towards end of life ("sudden death").
